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THE  OETERniNATION  OF  PHENOL. 

BV    S.   J      I.LOVD. 

KecelTrd  October  i-,  1904. 

Numerous  attempts  have  been  made  to  devise  a  satisfactory 
method  for  the  quantitative  estimation  of  phenol. 

Beciturts'  mixed  the  phenol  with  its  own  volume  of  petroleum 
spirit,  shook  with  a  strong  solution  of  caustic  soda  in  a  graduated 
tube,  and  noted  the  change  in  volume;  Bader'  titrated  against  a 
decinormal  solution  of  sodium  hydroxide  with  symmetrical  Iri- 
nitrobenzene  as  indicator  ;•  Messinger  and  Vortmann*  pretipitated 
the  triiodo  derivative  with  an  alkaline  solution  of  iodine;  Carre* 
treated  the  phenol  with  nitric  acid  and  determined  the  resulting 
picric  acid  colcrimetrically ;  Schaedler'  used  sulphuric  acid,  an.  I 
determined  the  phenolsuiphonic  acid  indirectly  with  barium ;  Rieg- 
ler'  weighed  the  precipitate  with  ^-diazonitraniline ;  Toscher"  oxi- 
dized with  volumetric  jjernianganate  in  boiling  alkaline  solution ; 
while  the  reaction  with  sodamide  lias  been  applied  by  Schryver* 
to  the  determination  of  the  "hydroxyl  value"  of  phenol. 

Of  these  methods,  the  first  evidently  makes  no  pretense  to  accu- 
racy, and  indeed,  like  the  sulphonic  acid  process,  is  intended  for 
use  with  crude  phenol  only.  Titration  with  soda  is  not  possible 
with  solutions  containing  less  than  2  per  cent,  of  phenol,'*  and  in 
any  case  the  end-point  is  not  sharp.  Precipitation  with  iodine  re- 
quires careful  manipulatio-  and  exact  regulation  of  the  tempera- 
ture in  order  to  obtain  accu.  jtc  results ;"  the  colorimetric  method 
is  unsuited  to  the  determination  of  phenol  in  other  than  very  small 
quantities,  the  reaction  with  the  diazo  compound  leads  to  a  tedious 
gravimetric  process,  and  the  sodamide  method  requires  special 
apparatus,  and  can  be  used  only  with  perfectly  dry  phenol. 

The  reaction  of  phenol,  however,  which  is  best  suited  for  the 

'  y.  Soc.  Chtm.  /nd,.  g,  546  ('"96)  (from  Arch.  Pharm..  14,  567  (i8H(S)). 
'  Ztschr.  anal.  Chem.,  31,  58  ( 1893)- 

'  For  the  behavior  of  phenol  wi'.h  othrr  indicators,  see  Iniliert  and  Aitruc  :  Camfl, 
Rrnd.,  130,  ,vi  (19001. 

«  Pharm.  Ztg.,  IQ,  759. 

'  Compt.  Ktnd.,  113,  139  ( i89[ ) 

•  Cinlrbl.,  1872,  p.  io6  (from  Pharm.  Cenlrhl.,  13,  jm). 

■  Ctntrhl.,  1899,  II,  p.  JJ2  (Trom  F.ulelinut d>u  Bucuteti .). 

•  ^tyrT^%  Jahrf}uch,  d.  Chemit.  1901.  p.  25^^  (from  Pharm.  J..  1901,  No.  160a). 
»./.  Soc.  Chem.  Ind..  18,  .s.S3  I1899). 

'»  Hrerichsr  Cenlibl.,  1S96,  II.  p.  2141  (from  Apoth.  Zlg.,  11,  415). 
"  Frerichs  :  t.oc.  cit. 
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purposes  of  quantitative  determination,  is  that  with  hrmninc, 

c\H,on  f-  3'*T.  --=  cyi.i'.r,*  )n  -\-  3111-..-. 

Landolt,'  who  was  the  fust  to  sii),'i,'ost  its  use,  pncipitatod  tlie 
tribroniphonol    with    brotniiu-    walir,   dried    in   a   lifsiccator   and 
woif^hed ;  Chabrie"  extracted  with  ither  and  dried  in  a  special  ap- 
paratus.    Kopptschaai''  shortened  the  ])r()ccss  hv  nsins;  a  measured 
quantity  of  bromine  water,  and  titrating  back  tlie  excess  witli  ihv 
tassium  ioilide  atid  sodium  thiosnlpbate ;  lie  also  found  it  advisable 
to  replace  the  unstable  and  disajTrccable  bromine  water  bv  a  mix- 
ture of  potassium  bromide  and  bromate.  from  wbicb  the  bromine 
was  liberated  at  the  proper  time  by  acid.     Dc£;ener.'  who  was  ap 
parently  unacquainted  with  Koppesclianr's  work,  aUo  used  bro- 
mine water,  but  determiricd  the  e-   1  noint  by  the  disappearance  of 
the  yellow  color  of  the  solution,  or     \   jjotassium-iodide-starch 
paper.     Chandelon'  foun       lie  time  r.  ,,uire      for  an  aiialvsis  bv 
the  Koppcschaa'-  methof'    oo  lon^r.       1  • '  ' 
avoid  loss  of  bromine  ..>  vapor  and  as  a 
the  precipitate,  he  substituted  for  the  brnni 
hypobromite  solution  which  contained  vuth  ■ 
tribromphenol  in  solution.    The  disapp.-nr 
of  the  solution,  or  the  failure  to  discolii 
paper,  marked  the  end  of  the  reaction, 
sodium  hypochlorite,  which  he  added  in 
containing  excess  of  potassium  bromide,  a; 
point  by  the  color  of  the  solution.     Waller's 
that  of  Degener  only  in  the  addition  of  a 
alum  to  make  the  precipitate  more  dense 
Koppeschaar     in    liberating    the    bromine 
bromate  mixture,  and  added  the  phenol  solutio 
until  the  filtrate  gave  no  further  color  with  potas'^ 
paper,  while  Reckurts"  used  an   excess  of  the  br 
mixture,  and  titrated  back  with  iodide  and  thiosulpl 
named  chemist  recognized  the  presence  of  tribromp 

'  Ber.  d.  chfm   (7ey.  4,  770  (1S71). 

>  Crnlrbt..  189-   1.  U09  (from  Rn  Chim   Anal.  Appl;6,  138  (1S9811 

•  2lschr.  anal.  (  hfm..  ij,  133  (1876). 
«y.  prakl.  Chtm..  N  F.,  17.  39"  ('S?**' 
»  Bull.  Soc.  Chim..  38.  69  (iS8j). 

•  Chtm.  Nrws..  83,  51  (1901). 
'  Ibid..  43,  153  (i«>i). 

«  Bet.  d.  chem.  Get..  14,  1581  (1881),  (from  Arch.  Pkarm..  iBi  3Ji)- 
•y.  Soc.  CMtm.  Ind.,  5.  S46  (>8«i)  (from  Arch.  Pkarm..  14.  S*"  (>8S6^ 
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S.   J.    LLOYD. 


in  the  precipitate,  but  assumed  that  it  w  '  quantitatively  converted 
into  tribromphcnol  by  potassiitr   "  xJide 
The  follow  injj  table  mnv  servp  .'S  a      nopsis : 

Criwimelric : 

( I )  LaiK^^lt.  Chabri^. 
Volumelrif : 

{ 1 )  Rromine  and  phenol  in  acid  solii  fion. 

(a)   End-point  determined  by  color,  or  by   potassium-iotlide- 
starch  paper. 
Degener— Bromine  water. 

Telle      — Hypochlorite  and  potamiuni  bromide. 
Waller  — Bromine  wate-  and  ahtm. 
Senl)ert  — Bromide-broniate  mixture. 
(/>)  Kxcesa  bromine  determined  by  potas!>ium  iodide. 

Koppeschaar — Brouiine  water  or  jron  °'Ie-bromateir 

ture. 
Beckurts — Bromide-bromate  mixture. 
(3)  Bromine  and  phenol  in  alkaline  solution. 
Chandelon. 

Various  modifications  for  use  in  the  e  r'u.ition  of  li-iiol  in 
tar-oil,  urine,  soaps,  cf'".,  have  been  suggest  '  y  Toth,'  kieinert* 
Fedeli,'  Giacosa,*  Lr.v.emann,  Neuberp.'  Kossler  and  Penny,* 
Partheil,'  Ditz  and  Cedivoda,"  Stockmeicr  and  Thurnauer"  (who 
used  chloroform  in  the  titration),  and  others. 

Some  idea  of  the  accuracy  of  theresultsobtainablebythesediffer- 
ent  methods  of  procedure  may  be  gleaned  from  the  test  analyse'^ 
published  by  their  authors.  Landolt's  numbers  show  variations 
of  0.5  per  cent,  or  more,  Koppeschaar 's  (bromine  water)  2.5  per 
cent.  ( bromide-bromate )  0.5  per  cent.,  Degcner's  3  per  cent., 
Chandelon  2  per  cent.,  Seubert's  i  .5  to  3  per  cent.  No  test  analyses 
have  been  published  by  Waller  or  Telle.  According  tc  Frerichs^" 
Beckurt's  modification  is  the  best,  but  as  his  paper,  in  its  original 
form,  is  not  accessible  to  me,  I  am  unable  to  quote  the  results 
of  this  author's  analyses. 

These  discrepancies  are  due,  in  part  at  least,  to  the  formation 

<  Zlsckr.  anal.  Chem.,  jg,  ifio  (1886). 

> /*irf..  »3,  I  (1884). 

'  Ber.  d.  chtm.  Get.,  aS,  1060  R  (1895V  (from  Moleschotfs  Vnlrrsuekung.,  15,  jSj). 

*  Ztsehr.  physiol.  Chem  ,  6,  43  (1878). 
»  IHd..  »7,  123  (1899)- 

•  /bid..  17,  117  (1889). 

'  HtytT'sJahrbiieh  d.  Chemie,  iSg6,  p.  J37  (from  Apoth  Ztg  .  i8<)6). 
'  Ztsehr.  angew.  Chem.,  1899,  pp.  S73  and  897. 

♦  Mobr  :  Tilrirmethode,  7th  ed. ,  p.  3S6  (1896)  from  Chem.  Ztg.,  1891.  pp.    i    and  i, .-. 
10  CtHlrtl.,  1896  (II),  1141. 
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of  trii,.\,:nphenon)ronii(1e.  wliicli.  as  1  have  shown  in  a  previous 
|);.I>cr.'  is  prfxlmiMl  l)v  the  action  of  broiuinc  water  on  the  prc- 
cipitatcjl  tribromphcnol,  and  once  formed  is  not  quantitatively  r».- 
converted  into  tribromphenol  by  (Wtassiun  iodide. 

The  present  paper,  after  dealing  with  the  loss  of  bromine  b  • 
evaporation  during  the  analysis,  the  use  of  volumetric  solutions 
containing  bromates,  and  the  formation  of  a  new  pro.luct  of  the 
action  of  bromine  on  phenol,  contains  th-  results  of  a  nuinU-r  of 
test-analyses  in  which  the  prec.  ,tions  supgeste.l  by  the  previous 
experiments  were  adopted,  and  closes  with  an  enumeration  cf  the 
conditions  under  which  phenol  may  be  accurr.tely  dctermineu. 

SOl.UT  INS  EMPLOYKn. 

P/k-ko/.— Merck's  "absc.ite  phenol'  was  distilled  three  times. 
the  first  and  last  fractions  being  rejected  in  each  case,  md  the 
portions  boilinp  between  182°  and  183^  collected.  In  the  last  frac- 
tionation the  disiillate  was  leceived  in  a  tared  am'  topi.ere.l  weigh- 
ing-glass, cooled,  weighed  (20.5340  grams)  and  dissolved  to  i 
liter.  The  solution  used  in  the  following  analvMS  was  made  l>v 
diluting  100  cc.  of  this  solution  to  I  liter. 

fiypobromite.—Ahout  9  cc.  of  bromine  were  di<=oKc(l  in  2  liters 
of  \'/4  c.uistic  potash,  and  the  solution  was  star  '  r  ■  ed  by  adding 
potassium  icxlide  and  hydrochloric  acid,  and  dete:  ■nmg  the  nlinc 
with  decinormal  thiosulphate. 

C)iie  hundred  cc.  of  the  phenol  solution  were  e(piivalent  to  71.95 
cc.  of  the  hvpobromite. 

Sodium  Tliiosulphate.— One  liter  of  an  approximately  N'/io 
solution  was  prepared  and  standardized  with  iodine  which  had 
been  ground  with  potassium  io<lide,  sublimed  from  the  mixture, 
and  dried  for  three  days  in  a  vacuum  desiccator  over  sulphuric 
acid.  The  value  was  found  to  be  0.1045  N.  Ihis  solution  was 
used  to  fix  the  titre  of  the  alkaline  solution  of  bromine  as  stated 
above,  and  in  turn  was  repeatedly  standardized  againsi  the  latt.r 
solution;  it  showed  a  slight  falling  off  in  normality  from  0.1045  to 
0.1042  in  two  weeks. 

For  use  in  the  phenol  determination  the  decinormal  thiosulp'.-ate 
was  diluted  to  five  times  its  volume  and  the  ratio  controlled  bv 
comparison  with  an  iodine  solution. 

Iodine,  approximately  NVSo  for  use  in  "titrating  back." 

1  Thii  Journal.  J7,  T  (1905) 
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Acid,  IiydrcKliloric,  "strictly  chemically 
pure"   (sp.  gr.   1.2). 

Potassium  lodnlc.  17  grams  in  100  cc. 

The  solutions  wore  prepared  and 
standardized  with  every  care,  the  burettes 
were  calibrated  before  using,  and  a 
special  burette  reader  was  employed,  by 
means  of  which  hundredths  of  a  cubic 
cf-'-inetcr  could  readily  be  distinguished. 

LOSS  OF  BROMINK  liY  EVAPORATION. 

The  test  analyses  published  at  the  close 
of  this  paper  were  carried  out  in  a 
0.25  liter  long-necked  glass-stoppered 
measuring  flask.  In  order  .0  assure 
myself  that  there  was  no  loss  of  bromine 
by  evaiKjration.  two  measurements  were 
made  in  the  apparatus  sketched  in  the 
accompanying  fignre  (made  by  sealing 
an  adapter  to  a  separating  funnel). 

The  chamber  A  was  closed  by  the 
perforated  rubber  stopper  B,  the  tap 
opened  and  the  wliolc  exhausted  with  a 
filter-pump;  the  tap  was  then  closed, 
B  removed,  and  the  apparatus  fixed  in 
a  stand,  .-/  upwards.  Fourteen  cc.  of 
the  hyjx)broniitc  (or  bromide-bromate 
solution )  were  then  pipetted  into  A  and 
sucked  into  D  by  slightly  opening  the 
tap ;  this  was  followed  by  25  cc.  of  acid 
and  then  20  cc.  oi  phenol  solution ;  the 
vessel  .'/  was  rinsed  out  with  10  cc.  of 
water  between  each  adilition  and  the 
rinsings  sucked  into  D.  After  shaking 
and  allowing  to  stand  for  five  minutes, 
5  CO  of  the  potassium  iodide  solution 
were  added  in  the  same  inanner;  the 
tap  was  then  ojiened  to  restore  atmos- 
pheric pressure  in  D  and  the  contents 
poured  through  E  into  a  beaker  containing  150  cc.  of  water,  where 
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the  iodine  was  titrated  by  so<lium  tliiosulphate.     From  the  t'' 
sulphate  required  the  excess  of  bromine  was  calculated,  and  by 
subtracting  from  the  original  14  cc.  the  "KORr  used"  of  the  table 
was  obtained. 

Experiments  identical  in  every  respect,  except  that  the  230  cc. 
flask  was  used  instead  of  the  apparatus  just  dcscril)ed,  were  car- 
ried out  at  the  same  time ;  as  is  shown  in  Table  I,  the  results  differ 
only  by  one  or  two  parts  ;ier  thnn^and.  Tt  i>  tbrs  pvoved  that  tlu- 
oi)eration  may  be  carried  out  in  ;i  tl.isk  without  loss  of  bromine. 
Some  care,  however,  is  necessary ;  in  one  case  where  the  bromine 
vapor  was  purposely  blown  otU  of  llie  (lask,  an  error  of  2  \H:r  cent, 
in  the  analysis  resulted. 

Tablu  I. 
Hypobroniite.  14  cc;  acid,  25  cc;  water,  30  cc;  phenol,  20  cc  ;  iodide,  5  cc; 


Hypobroinitf. 

Fresli 
Fresh 

lime,  five  minutes. 
Appjiralus                    KOUr  uscil 
Flask                        '3-9'!. 
See  figure                13.91 ) 

UilTcrcTicci 
0.0 

Evaporated 
Evaporated 

Flask 
Sec  figure 

>3-96i 
■394) 

0.02 

ACTION  01'  nUOMR-  ACID  ON  I'UKNOU  AND  THE  I'SE  OI'  Tlli:  UROMmK- 
UROMATE  MIXTURE. 

If  a  little  potassium  bromatc  be  mixed  with  a  soliuion  of  pheno' 
and  acid  be  added,  the  solution  turns  red  and  a  red  i)recipitate  is 
deposited  which  contains  bromine  and  does  not  liberate  iodine  with 
hydriodic  acid.  It  is  obvious  that  the  formation  of  this  substance, 
during  the  determination  of  phenol,  would  vitiate  the  result. 

As  old  solutions  of  potassium  hypobromite  are  liable  to  contain 
bromate,  two  pairs  of  experiments  were-  undertaken  to  see  whether 
errors  could  he  introduced  into  'he  analysis  from  this  source;  in 
one  of  each  pair  14  cc.  of  fresh  hypobromite  solution  were  used 
and  in  the  other  a  solution  of  bromide  and  bromate  made  by  evap- 
orating 14  cc.  of  th<"  same  hypobromite  to  dryness  and  dissolving 
the  residue.  In  one  experiment  of  each  of  the  pairs  the  rc:i,t;cnts 
were  mixed  in  the  order  A,  hypobromite  (or  bromidc-broniate 
mixture),  acid,  phenol,  and  in  the  other  in  the  order  B.  acid, 
phenol,  hypobromite  (or  bromide-bromatc).  The  results  with  the 
bromide-broniate  mixture  were  3  or  4  parts  per  thousand  higher 
than  the  others,  while  the  order  of  mixing  made  no  difference  (see 
Table  II).     It  is  thus  clear  that  the  presence  of  a  little  bromate 
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in  the  hypobromite  solution  can  exert  no  influence  whatever  on 
the  result. 

Table  II. 
Hypobromite,  14  cc.  ;   acid,  25  cc   ;  water,  30  cc.  ;  phenol,    20  cc.  ;  iodide, 


,SCC 

;  time 

five 

minutes. 

Hypobromite 

Order  c 

f  mixing. 

KUBr  used. 

Fresh 
Fresh 
Evaporate<l 

KviijieiMled 

A 
B 
A 
B 

l3-9« 
'3-94 
13-96 
1396 

w  i';;'ii)LCi'  or 

THE 

.\CTIUN  OF 

BROMINE  ON  PHENOL. 

If  solutions  of  phenol  and  [XJlassium  hypobromite  be  mixed  and 
the  mixture  be  acidified,  the  precipitated  tribrompiienol  is  mixed 
with  a  red  powder.  What  seems  to  be  the  same  compound  was 
obtained  as  a  by-pro<luct  in  the  preparation  of  tribromphenolbro- 
mide,  and  by  the  action  of  alkaline  solutions  of  bromine  on  tribrom- 
phenol.  It  melts  at  about  91°  C.  and  contains  about  64  per  cent, 
of  bromine,  but  does  not  liberate  iodine  with  an  acid  solution  of 
potassium  iodide.  It  is  insoluble  in  water,  alcohol,  ether,  and  in 
glacial  acetic  acid ;  soluble  in  carbon  bisulphide,  chloroform  and 
benzene,  giving  red  solutions.  Its  molecular  weight  in  cliloroform 
solution  (boiling-point  determinations)  is  508  to  514.  On  warm- 
ing with  a  10  per  cent  solution  of  caustic  jxitash,  or  with  concen- 
trated sulphuric  acid,  it  is  apparently  unaltered,  but  by  heating 
to  a  temperature  above  its  melting-point  it  is  converted  into  a 
substance  resembling  hexabromphenoquinone. 

I  propose,  if  possible,  to  determine  the  constitution  of  this  sub- 
stance. Its  formation  during  an  analysis  would,  obviously,  in- 
troduce errors  into  the  result,  hence  the  analytical  method  of  group 
3  (page  18)  cannot  be  recommended. 

TUP.  niiTl-KM I. NATION  OF  PHENOL. 

Four  of  the  most  likely  sources  of  error  in  the  present  methods 
of  determining  phenol  by  bromine  having  been  studied  in  detail,  it 
remained  to  infjuire  wlicther  detenninations  carried  out  under  the 
conditions  suggested  by  the  foregoing  experiments,  would  give 
accurate  results.  The  test-analyses  undertaken  with  the  object 
of  deciding  this  r|uestion  were  made  in  acid  solution  in  order  to 
avoid  the  formation  of  tribromplienollironiide :'  they  were  carried 
out  at  loom  temperature  in  a  long-ncckcd,  glass-stoppered  0.25- 
litcr  flask  (page  20).  and  the  liromir"  was  introduced  in  the  con- 
venient form  of  a  solution  in  caustic  potash    (page  22).     The 
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phenol  sohition  was  run  into  the  flask  from  a  burette,  the  acid 
added,  and  then  the  hypobromite  from  a  pipette.  The  flask  was 
closed,  shaken  for  thirty  seconds,  and  allowed  tc  stand  for  the  time 
given  in  the  table  after  "t."  Five  cc.  of  potassium  iodiJe  sohtilon 
were  then  added,  followed  by  100  cc.  of  water,  and  in  some  cases 
10  cc.  of  chloroform.  The  whole  was  shaken  for  lifteen  seionds. 
allowed  to  stand  for  two  minutes,  and  the  iodine  determined  with 
the  N/50  thiosulphate. 


Table  III. 


Hyiwbromite,  25  cc;  aciil,  15  cc- 


10  cc  chloT-oform. 


No  chl<>t.it""rin. 


Phenol.    Excess  Br 


5 
10 

>5 

JO 

io 
20 
25 
*5 
'S 
30 
30 
3« 
32 
33 
34 
35 


21.40 

17.80 

14.21 

10.61 

10.61 

10.61 

7.01 

7.01 

7.01 

342 

342 
2.70 
1.98 
1.26 

0.54 
0.18 


I  ^  0 
Per  cent. 


loo.o 


99  9 

99.  S 


1^7  inin- 

tltes. 
Per  cent. 

1 14.0 
109.6 
100.10 
99-95 


100.05 


99-95 

99-8 

9985 

98.99 

9S.62 

97-<>3 


Per  cent. 
105.6 
■03-9 


99.6? 


99- S6 
99.6 
99-44 
09.25 

9.S.7 
9H.1 
96.9 


t     -  J  imil- 

nlf- 

Per  rent 

105.6 
10 ',.7 

9997 
101.51' 

99.^.^ 
liKi.'V5" 

99-8.S 

97-7 

9965 

99  5,'; 

99  3.S 

99-.?.S 

9H.9 


f      ^  mill 

ute-. 
Per lent- 

I(i6.2 

lo;,.o 

!o<>.  1 1 
1.0.71- 

1('1.92"* 


99.85 
9'»-8.1 
91  97 
9'l  9T 
9"  7 
90  .(.' 
n5<  74 


Under  "Excess  Br"  is  given  the  difference  between  the  voluinc 
of  the  hvpobromite  employed,  vh.,  25  cc.  and  the  volume  etiuiv 
alent  to  the  phenol  taken  (volume  of  phenol  solution  multiplied  by 
o.7i()5,  .sec  paRc  19).     The  results  of  the  determinations  arc  ex- 
pressed as  percentages  o.  the  amount  of  phenol  actually  prestMit. 

in  the  experiments  marked  with  a  star  (*),  10  cc.  of  carbon  hi 
sulphide  were  used  instead  of  chloroform,  and  in  that  uKirkcd 
dagger  (t).  .;  cc.  of  acid  were  used  instead  of  15  cc.  In  this  ex- 
periment theprecipitate,  dissolved  in  chloroform,  gave  a  distinct 
green  with  benzidine  solution,  indicating  the  presence  of  tribronv 
phenolbromide. 

Table  IV  contains  the  results  of  a  few  measurements  in  wind, 
sulphuric  acid  was  used  instead  of  hydrochloric.  It  is  obvious 
that  Koppeschaar'  was  mistaken  in  saying  that  the  presence  of  sul- 
phuric acid  spoils  the  titration. 

1  Ztsckr.  anal.  Ckrm..  IB.  'VI  •"'l  »»">- 
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1  cc.  ;  chloroform,  lo  cc. 
/==  a. 
Per  cent. 

99.91 
100.11 


Table  IV. 
Hypobromite,  25  cc. ;  sulphuric  aci<l  (sp.  gr.  1.81 
Phenol.  Excess  Br. 

cc.  cc. 

ao  10.61 

as  7.01 

30  342 

The  above  experiments  lead  to  the  following : 

DlRKCnONS  FOR  fllE  DETKRMINATION  OF  PHENOL  BY  BROMINE. 

The  followiug  solutions  arc  needed. — Fiftieth-normal  thiosul- 
pliate  and  iodine ;  starch ;  hydrochloric  acid  (sp.  gr.  1.2) ;  potassium 
iodide,  17  grams  in  100  cc. ;  hyprobromiie,  prepared  by  dissolving 
9  cc.  of  bromine  in  2  liters  of  a  solution  containing  28  grams  of 
caustic  potash.  The  hypobromite  must  be  compared  with  the  thio- 
sulphate  by  adding  acid  and  potassium  iodide  and  titrating  the 
iodine  set  free. 

To  cany  out  the  a;m/_v.9J5.— Introduce  the  phenol  solution  into 
a  glass-sto])pered  flask  and  add  a  volume  of  acid  equal  to  about 
one-third  or  one-fourth  of  the  combined  volumes  of  the  phenol 
solution  and  the  hypobromite  that  will  probably  be  added  dr-'ng 
the  analysis. 

Run  in  the  hypobromite  from  a  burette,  shaking  the  Hask,  until 
the  solution  becomes  permanently  yellow.  Then  add  an  excess 
of  the  hypobromite  (to  lo  20  per  cent,  of  that  used  already)  and 
shake  well.  Finally  add  an  excess  of  potassium  iodide,  dilute  with 
water,  add  10  cc.  of  chloroform,  and  determine  the  iodine  with  the 
volumetric  thiosulphate.  The  object  of  diluting  is  to  prevent  the 
acid  from  acting  on  the  potassium  iodide  or  on  the  thiosulphate ; 
if  10  cc.  of  water  be  added  at  this  stage  for  every  cubic  centimeter 
of  acid  previously  added,  the  solution  will  be  sufficiently  dilute. 
The  use  of  chloroform  may  lie  dispensed  with,  if  the  mixture 
be  allowed  to  stand  five  minutes  before  adding  the  potassium 
iodide;  it  is,  however,  better  to  use  the  chloroform, — carbon  bisul- 
phide is  not  satisfactory. 

If  these  directions  be  adhered  to,  the  phenol  can  be  determined 
within  I  or  2  parts  per  thousand. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to  Prof. 
W.  Lash  Miller,  at  whose  suggestion  this  research  was  undertaken, 
and  under  whose  direction  it  has  been  carried  out. 

Thf.  University  of  Toronto, 
Mtrch,  1904, 
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TRIBROMPHENOLBROMIDE :    ITS    DETECTION.    ESTIMA- 
TION, RATE  OF  FORHATION.  AND  REACTION 
WITH  HYDRIODIC  ACID. 

Itv  S.   J.    I,1.<1V1> 
Received  October  27.  1904. 

TiiK  following  cxpcriincnts  form  part  of  an  investitjation  of  tlie 
reaction  between  bromine  and  pbenol,  which  was  undertaken  with 
tlie  object  of  improving  Ko])peschaar's  metho<l  of  dctcrminin!,?  the 
hither  substance. 

Tl>e  tribromphenolbromide  usev;  was  prepared  by  Werner's' 
recipe,  recrvstaili^ed  tliree  times  from  chloroform,  and  drieil  for 
three  days  over  suljjhuric  acid  in  a  vacmim :  it  formed  golden- 
yellow  crystals,  melting-point  119°. 

DKTECTION. 

When  searching  for  a  distinctive  (jiialitative  test  for  iribrom- 
])henolbronMde,  1  found  that  ammonia,  and  chloroform  solutions  of 
iiiaiiv  of  the  organic  bases  react  with  it  to  form  colored  prcKlucts. 
as  follows : 

Bull  Sm.  ihim  ,  43,  \-,!  (l^■^.S) 
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Aiiiiiioiiia 

Aniline 

Dimetlivlaniliiie 

I'aratoliiidine 

I'iplienylaniine 

rt-.\aplitliylaniini' 

'•Naphthylaniine 

Ainin<>azo)>en7.eni' 


Brown. 

Dec])  reil,  tiiriiiiiK  niiiiMy. 

Slight  (larkeninK. 

Clear  red 

I.igh.  red. 

P.'irk  hltie.  turning;  purjile. 

'.ifjlit  rose-pink,  apjiears  very  slowly. 

lirowii-red,  appears  very  slowly  and  j<radnally 

deepens. 
IJKlit  yellow. 

Intense  ^reen,  purple  if  roncentraled. 
AzoxyI)en/.ene,  Metaiiitraniline,  .Acetanilide. 


Pyridine 
llen/idine 


no  nianjje. 

Of  these,  aniline  and  benzidine  proved  most  suitable  as  reagents ; 
with  tribroinphenol.  tetrabromijlienol  and  hexabrompheno-iiiinone 
they  give  no  color,  while  with  bromiiK-  water  an  aniline  solution  is 
bleached,  and  benzidine  gives  a  seal  brown,  quite  distinct  from  the 
green  with  tribromphenolbromide. 

The  benzidine  solution  may  be  prepared  by  warming  5  grams  of 
benzidine  suljjhate  with  50  cc.  of  a  10  per  cent.  jKJt^sh  solution, 
cooling,  extracting  the  benzidine  with  chloroform,  and  filtering 
off  the  chloroform  solution.  Three  drops  of  tin.?  reagent  give  a 
distinct  green  with  10  cc.  of  a  solution  containing  i  gram  of  tri- 
bromphenolbromide in  a  liter  of  chloroform.  Shaking  the  tri- 
bromphenolbromide solution  with  dccinornial  sodium  Hv.  sulphate 
before  adding  the  benzidine  reagent  does  not  interfere  with  the 
color  reaction. 

KSriMATION. 

As  the  reaction  with  jxjtassium  iodide  is  obviously  unsuitable 
(see  page  20),  a  basis  for  the  method  was  sought  in  the  action  of 
reducing  agents ;  Benedict'  states  that  zinc  and  hydrochloric  acid 
reduce  tribromphenolbromide  to  tribromphenol,  but  does  not.  seem 
to  have  made  any  quantitative  measurements.  After  experiment- 
ing with  sodium  amalgam  and  with  magnesium,  I  finally  decided 
in  favor  of  powdered  zinc  and  sulphuric  acid,  which  are  without 
action  upon  tribromphenol.  but  reinove  one  atom  of  bromine  from 
fribroini)henolbroinide.  By  determining  the  bromitte  in  the  solu- 
tion after  reduction,  it  is  thus  possible  to  calculate  the  amount  of 
tribromphenolbromide  in  the  substance  analyzed.  The  details  of 
the  method  are  as  follows : 

The  tribromphenolbromide  was  placed  in  a  150  cc.  flask,  20  cc. 

'  AitH.  (  /lyrti.  I  I,irhj}> ).  100,  ujif^-^ii. 
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il.roiiiphrnnl. 
bromide. 
t;rani. 

ArNOh  foun 
cc. 

0.5023 

1245 

"■53»7 
0.5249 

"3  19 

1:  80 

999' 
li«j.6i 
99.07 


of  alcoliol  {ip  per  cent.).  3  cc.  N74  suli)huric  acid  ami  about  0.23 
gram  powdered  zinc'  were  added,  and  the  flask  heated  on  a  water- 
hath  until  the  whole  of  the  tribromphenolhroniide  had  dissolved 
and  the  s' '  ition  had  lost  its  characteristic  yellow  color.  F.xcess  of 
calcium  carbonate  was  then  added  to  neutralize  the  free  sulphuric 
acid,  and  the  alcohol  together  with  most  of  the  tribrom  henol  were 
distilled  off  on  a  water-l)ath ;  the  residue  was  extracted  with  three 
successive  portions  of  boiling  water.  25  cc.  23  cc,  atid  10  cc,  re- 
spectively ;  and  in  the  filtrate,  after  cooling,  the  bromine  was  de- 
termined by  N/io  silver  nitrate  with  potassium  chromate  as  indi- 
cator. Blank  experiments  with  tribromphenol  showed  that  no 
bromine  was  removed  by  this  treatment. 

Tkst  .\s.\i.vses. 

AkN<>:i'""1>" 
cc. 

12.46 

13.11 

12.92 

NOT  THE    PRIMARY    PRODUCT. 

The  precipitate  formed  l)y  the  action  of  bromine  water  uiwu 
phenol  is  at  first  pure  white  in  color,  but  on  standing  with  the  solu- 
tion containing  excess  of  bromine  it  gradually  assumes  a  yellowish 
tint ;  the  change  is  due  to  the  formation  of  tribromphenolbromide, 
the  presence  of  which  was  detected  by  the  (lualitative  tests  de- 
scribed above.  The  change  of  color  shows  that  tribromphenol- 
bromide is  not  the  primary  product  of  the  action  of  bromine  water 
upon  phenol,  as  imagined  by  \\  einreb  and  P.ondi.^  but  is  fonned  by 
a  gradual  reaction  between  the  precipitated  tribromphenol  and  the 
excess  ot  oromine. 

R.\Ti:  t'F  FORM.VTiON. 

l>y  means  of  the  method  of  analysis  described  aliovc.  the  amount 
of  tribromphenolbromide  formed  when  the  phenol  was  treated  with 
bromine  under  varying  conditions  was  determined. 

The  following  solutions  were  employed :  Phenol,  20  grams  per 
liter;  sihcr  nitrate,  16.83  grams  per  liter;  the  tribromphenolbro- 
mide from  3  cc.  of  the  phenol  solution  is  thus  eri'iivalent  to  10.74  cc 
of  the  silver  nitrate.  Hypohromite.  bromine  wa>  dissohetl  in  a  solu- 

'  This  is  morr  than  enouifh.  ricr:.*  diws  no  harm 
'  MoHalihell/  Ikftiir.  6.  5>i<>  (iHs.si. 
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tion  of  caustic  potash  of  known  alkalinity  (about  quarter  nonnal) 
and  a  solution  of  hydrochloric  acid  equivalent  to  the  potash  was 
prepared,  so  that  on  mixing  the  alkaline  solution  of  bromine  with 
an  equal  volume  of  the  equivalent  acid  a  neutral  brcmine  solution 
resulted.  Ry  titration  with  volumetric  sodium  thiosulphate  after 
addiiifj  acid  and  potassium  iodide,  50  cc.  of  the  hypobromite  solu- 
tion were  found  to  contain  0.6810  j.;ram  bromine ;  hence  to  convert 
5  cc.  of  the  phenol  solution  into  tribromphenol  requires  37.45  cc. 
of  the  hypobromite  solution;  to  convert  it  into  tribromphenolbro- 
midc  requires  49.94  cc.  Allen'  states  t:?at  hypobromite  solutions 
prepared  like  that  above,  and  containing  a  1?  rpe  excess  of  alkali  do 
not  appreciably  alter  their  content  of  available  bromine  upon  stand- 
ing or  heating. 

The  experii.ients  were  carried  out  as  follows:  50  cc.  of  the 
hypobromite  solution  were  pipetted  into  a  glass-stoppered  quarter- 
liter  measuring  flask,  then  50  cc.  of  the  equivalent  acid  added  and 
finally  5  cc.  of  the  phenol  solution.  The  mixture  was  shaken  for 
thirty  seconds  and  allowed  to  stand  for  a  measured  interval,  after 
which  the  mother-liquor  was  rapidly  removed  by  means  of  a  filter- 
pump  and  a  large  perforated  porcelain  funnel.  The  precipitate  was 
washed  with  cold  water  until  the  addition  of  silver  nitrate  produced 
no  cloudiness  in  the  filtrate,  and  was  then  brought,  filter-paper  and 
all,  into  a  150  cc.  flask,  where  the  tribromphenolbromide  was  de- 
termined as  described  above. 

In  some  of  the  experiments  the  concentration  of  the  bromine 
was  altered  by  adding  bromine  from  a  burette ;  in  others,  previous 
to  the  addition  of  phenol,  the  solution  was  acidified  with  hydro- 
chloric acid  (sp  j;t.  1.2),  while  in  others  weighed  quantities  of 
potassium  bromide  were  added.  The  results  are  contained  in 
Tables  I  to  VI. 

The  efifect  of  varying  the  time  during  which  the  bromine  water 
acted  upon  the  tribromphenol, »',  c,  the  interval  between  adding  the 
phenol  and- filtering,  was  first  stitched.  l~he  results  of  these  ex- 
ocrinicnts  are  contained  in  Table  I ;  they  afford  ample  proof  that 
the  tribromphenolbromide  is  a  secondary  product  and  show  what 
a  large  amount  of  it  may  be  formed  in  a  few  minutes  under  the 
ordinary  conditions  of  a  phenol  determination. 

1  y.  .Six:.  CA/Ki. /«</.,  3,  65  (1&S4). 
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Tabi.k  I.  — I';fhhct  or  Timk. 
KOBr,  50CC.  ;  e<iiiiv.  HCl,  50 cc.  :  IlCl  (sp.  kt.  1.2),  i  cc.  ;  plu-nol,  s  cc. 


Time. 

AICNO, 

Tiibroii 

phrnn 

MIniitH. 

cc. 

r 

er  cent 

5 

a  36 

72 

10 

4." 

38 

IS 

5- '3 

48 

.^" 

7-49 

70 

Hours. 

18 

7-75 

7» 

Umler  A>{NO,  is  given  the  voluiiie  of  the  silver  nitrate  soliitinii  nqiiireil 
in  the  analysis  ;  the  nunibrrs  umler  "  Trihnmiphenolbrcniiile  "  (olitniiied  t>y 
dividing  the  fitjurrs  in  the  second  column  by  10  74)  r.-prestnt  the  fraction  i.f 
the  phenol  which  has  been  converted  into  libroniphenolbroniiile 

Tlie  experiments  of  Tables  II,  in.  I \^  V  and  VI  show  that  the 
amount  of  tribromphenolbromide  formed  from  5  cc.  of  the  plicmd 
soUition  in  a  constant  interval  (five  minutes)  increases  with  the 
excess  of  bromine  and  with  the  volume  of  the  reacting  mixture, 
and  is  diminished  by  addintj  acid  or  potassium  bromide,  or  by  low- 
ering the  temperature.  They  afford  a  striking  parallel  to  the  re- 
sults obtained  by  Mr.  Roebuck  in  his  study  of  the  rate  of  oxida- 
tion of  arscniot's  acid  by  ioflinc,'  where  the  rate  is  proportional  to 
the  concentration  of  the  iodine  and  to  the  volume  of  the  solution, 
and  inversely  proportional  to  the  concentration  of  the  acid  and  cf 
the  potassium  iodide :  Roebuck  interpreted  his  results  by  assumiiiR 
that  hypoiodous  acid  is  the  oxidizing  agent  in  iodine  solutions; 
a  s-imilar  explanation  of  tny  own  experiments,  rir.,  that  the  forma- 
tion of  tribromphenolbromide  from  tribromphenol  is  due  to  the 
oxidizing  .action  of  hypobromous  acifl,  naturally  suggests  itself. 

Table  II.— Rkfkct  of  Volume. 

KOBr,  50  CO.;  equiv.  HCl,  none  ;•  HCl  (sp.  Rr.  1.2),  I  cc;  phenol,  5  cc. 

Tiibroniphenolbromide. 
Per  cent 

II 

22 

36 

*3 

•  To  keep  down  the  volume.    The  I  cc.  of  •  'ronR  hydrochloric  acid  was 

very  slightly  more  than  enough  to  neutralize  the  alkali  of  the  hypobroinite 

solution. 

1  J.  Phys.  Chem..6,  ifii  {igO')- 


Volume, 
cc. 

ArNO, 
cc. 

57 
106 

I. 19 
2.36 

•57 

207 

3.84 
4.6 

n 
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Tabi.k  III.— Effkct  of  Bkc.mink. 
KOHr,  50  cc;  eqiiiv.  HCI,  50  cc;  HCl  {»p.  K'''  '■*'■  '  '^^■''  ph*""'-  5  •■«• 


Tulftl  csceM  bromitir. 
<>ranin. 


0.17 
0.55 
0.93 
.67 


cc. 

5-59 
7.0a 
••74 


Triliromphtnoltiroroiilr. 
Fer  cent. 

5» 
66 
Hi 


SS 


Tabi.k  IV.— Hffkct  «if  Acm. 

KOBr,  50  cc;  equiv.  HCI,  ^o  iv 
Tolal  acid  AgSO,, 

Mol.  cc. 

0.UI6  3.36 


U.()29 

o.u68 
0.068 

0.198 


phenol,  5  cc. 
Triuroniphctiulbromide. 
Fcr  cent. 

32 

a.  78  17 

•■37  U 

1.35  '3 

0.33  3 

0.1  I 


Tabi.k  V.— Effect  of  Potassium  Rkomidk. 


HCI  (sp.  (jr.  I.J),  I  cc;  phenol,  5  cc 


KOBr,  50  cc;  equiv.  HCI,  50  cc. 

Total  KBt. 
Mol. 

0.003 

0.0073 

O.0II6 

0.0288 
0.0546 


Tabi.k  VI.— Kffkct  of  Temperaturr. 
KOBr,  50  cc;  equiv.  HCI,  50  cc. ,  HCI  (sp.  gr.  1.2),  i  cc;  phenol,  5  cc. 


IfNO,. 
CC. 

Tribruniphenolbroniidc' 
Per  cenl. 

a.36 

22 

1.69 

"5-7 

0.51 

4-7 

cas 

2.3 

caj 

2.2 

Temperature. 

AgNOj. 
CC. 

Trlbromphenolbromide 
Percent. 

0 

>-9 

18 

18 

a.36 

aa 

These  experiments  show  clearly  that  in  order  to  avoid  the  forma- 
tion of  tribromphenolbromide  when  titrating  phenol  with  bromine, 
the  liquid  must  be  strongly  acid  or  must  contain  an  excess  of 
potassium  bromide ;  the  excess  of  bromine  must  not  be  too  great, 
and  the  time  during  which  the  precipitate  of  tribromphenol  is  in 
contact  with  the  excess  of  bromine  must  not  be  too  long.  Under 
the.se  conditions  only  a  mere  trace  of  tribromphenolbromide  is 
formed,  and  it  is  precisely  when  the  quantity  of  that  substance  is 
smallest  that  it  is  most  easily  acted  upon  bv  hydriodic  acid  (sec 
Table  VII). 
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KIlMriuN    WITH    IIVIiKli'lill.'   Ai  lH. 

Tlif  stntCHUMit  that  trihroinphcnolbromidc  rcai-ls  with  potass! 
ioilidc  acconhiiK  to  the  equation 

('„H,l!r,(  >r.r  -I-  2KI  -----  C.,lI,I'.r,(  )K  +  KHr  +  1, 
is  fonn<!fil  on  experiments  of  \\  einrii)  and  Komli.'  and  of  Wcxw 
The  former  obtained  <;5  per  cent,  of  the  theoretical  io<liiK-  In 
j^isting  for  twelve  hours  with  an  afjueous  soUition  of  |xMas> 
iodide  at  i.S°,  or  f/)  per  cent,  at  :;o' ;  the  latter,  nsin^j  a  chlorof 
solution,  obtained  99.96  per  cent.     The  more  recent  exiwrin 
of  Kastle,"  however,  show  that  in  chloroform  solution,  in  al' 
of  water,  hcxabromphenoquinone  is  the  sole  product,  in  which 
only  half  of  the  iodme  called  for  by  the  above  equation  is  libf>- 
while  if  a  carbon  bisulphide  solution  of  tribrompheiiolhron..  le  l.t 
treated  with  an  aqueous  solution  of  potassium  iodide,  t^"   «ilinr 
liberated  varies  from  »K»  to  too  per  cent,  of  the  theorctic;i       lount 
<lci)endinp  up<in  the  relative  quantities  of  potassium  iodiu     water 
and  carlwn  bisulphide  present.     In  none  of  my  own  experiments, 
the  results  of  which  are  detailed  in  Tables  VII  and  VllI,  did  1 
obtain  a  quantitative  yield  of  iodine;  although  potassium  io<li<V 
was  present  in  excess,  the  acidity  of  the  solution  was  varied,  differ 
ent  solvents  were  tried,  and  the  digestion  was  much  more  nro 
longed  than  would  be  convenient  in  an  analytical  metho<l. 

It  is  apparent,  however,  ihat  as  the  amount  of  tribromphcnol- 
bromide  is  re<luced,  the  amount  of  iodine  liberated  approaches 
nearer  and  nearer  to  the  theoretical  value. 


Tabf.k  VII. 


Expt. 

i 

ii 

Hi 

iv 


Trtbroin- 

phtnol- 
!)romi<Ie, 

Cram.     H*)iveiU. 

0.2038 
0.2031 

0.1747 
0.156*1 

0.1775 


none 

CHCl, 
CHCl, 

CHCl;, 


Ti!n». 
7  days 

7  days 
24  hrs. 
20  hrs. 

8  hrs. 


1  MCI 


2..S 


ft 

vii 

viii 

i.r 


0,2520      C,Hb 
...268s      C,H, 

0.3045      *-\fh 
0.2073      C,Hb 

Mimalshrfle  f.  Chem 
Hull  Soc.  <  him  ,  43, 
..4***   f  A'w   /  ,  37.  ;i 


4H  hrs. 
36  hrs. 
24  lirs. 
to  min. 
.6,  v/Mi'-so 


lo- 

•llnr 
IVr 
cent. 

77 
78 
«7 
9' 
«S 

76 
Hi 

84 
7« 


Chlornforni  or  ^tenmie  re-^j.liie*. 

Brown,  not  (jreen  with  lit-n/iilint . 
Deep  red  with  aniiine 
Yellowish   red ;    not   green   with 

benzidine. 
Deep  red  with  aniline. 

Green  with  I)en7.idiiie. 


1  .^*    '' 


>4 

] 

i.   J. 

I.I.OVH. 

Kipl 

Trihrom 
l>hrtiol 

tifotitlilr. 
r.riiiii 

MllMIll 

Tiinc 

m  MCI 

If 

rftn* 
l-er 
cmi 

Chluriiform  or  brnwtif  rnldun 

r 

"  J.S94 

t'.M. 

1  hr 

S 

Ho 

(■rreii  with  iKrii/iiliiir. 

It 

00017 

CIICI, 

S  mill. 

!, 

9« 

TiMi  dilute. 

.»»l 

0.U034 

CHCl, 

.S  niin. 

5 

<J4 

.. 

xiii 

o.uoh8 

CUCI, 

5  mill. 

5 

91 

•• 

xiv 

O.UIU2 

CIICI, 

J  mill. 

.S 

»7 

" 

XV 

0.0170 

CIICI, 

S  Klin 

5 

H.l 

•■ 

III  lCx|H:rinH;nts  1  to  x  the  nmotiiit  taken  for  analysis  was 
weighed  out  and  placed  in  a  100  cc.  glass-stoppered  bottle,  the  ben- 
zene or  chloroform  (10  cc.)  added,  then  the  acid  and  finally  the 
potassium  iodide  dissolved  in  water.  In  Kxperimcnt  v  four  times 
the  theoretical  amount  of  potassium  iodide  was  used,  in  the  others 
twice.  The  mixture  was  well  shaken  and  allowed  to  stand  for  a 
measured  time,  at  the  end  of  which  the  iodine  set  free  was  titrated 
against  N/50  thiosulphate.  The  results  of  the  analyses  arc  entered 
in  the  table  under  "lo<lirie"  as  percentages  of  the  amounts  of  io<linc 
that  would  have  been  lilierated  from  the  tribromphenolbromide 
taken  had  the  reaction  proceeded  according  to  Werner's  equation. 

In  Kxperiments  .ri  to  xv  a  weighetl  quantity  of  tribromphenol- 
bromide was  dissolved  in  chloroform,  and  a  measured  volume  of 
this  solution  made  up  to  to  cc.  for  each  experiment,  5  cc.  of  normal 
IK)taasium  iodide  and  5  cc.  of  normal  acid  were  added,  and  the 
mixture  was  we!!  shaken  and  allowed  to  stand  for  five  minute.;, 
after  which  the  iodine  was  determined  as  before. 

.^fter  completing  the  analysis,  the  color  of  the  chloroform  or 
benzene  solution  was  noted,  and  then  a  few  drops  of  the  aniline  or 
benzidine  reagent  added.  In  Experiments  <v,  and  <■.  to  .r,  the 
presence  of  unaltered  tribromphenolbromide  was  established,  but 
in  Experiments  Hi  and  z-,  although  the  chloroform  solutions  were 
colored,  no  tribromphenolbromide  could  be  detected.  This  shows 
that  in  the  experiments  in  question  the  deficit  of  15  per  cent,  or  so 
in  the  io<line  is  due  to  the  formation  of  a  by-product,  and  not  to 
the  incompleteness  of  the  reaction  formulated  above.  The  delicacy 
ot  the  benzidine  test  is  not  sufficient  to  enable  it  to  be  of  value  in 
Experiments  xi  to  xv. 

The  experiments  of  Table  \'\M  were  carried  out  in  the  same 
w.iy  :s  the  first  ten  of  the  preceding  table,  except  that  the  hydro- 
chloric acid  was  replaced  by  acetic,  and  an  excess  of  sodium  thio- 
sulphate (5  cc.  of  a  n0rm.1l  solution)  w.t.s  .idded  to  the  reacting 
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misiiirc  .11  the  sniiU'  liiiu-  as  ilic  ixilMssitiiii  imlnliv    '1  lie  r(Milts  air 
vrry  similar  (<>  those  of  Tabic  VT  show  that  ilic  d-fuii  is 

ii<<t  ,ili(i);('tlu'r  <hu' III  tlie  |>r('S(Mi<"  .(•. 

Tv  ill. 


'I'filtri»m- 
|ihrii..| 

lllllMIKtf 

firm  II 
I.  Aiy.S 
o  14711 
o.  I7<)s 
...2I4,S 
..  J74.S 


s.ilvmi 

Tiiiii' 
IImui  ^ 

N    II   \< 

l'»-t 

1  ri'i 

•--11. 

>\ 

H; 

*-.,". 

/'< 

5 

<).V« 

C,ll. 

iH 

S 

i)i  *> 

t-«II.. 

'i 

5 

qj.l 

CIICl, 

n 

S 

9.\.S 

tlil"'<il<'ini  111  '■•  ii/»  ii»» 

!,-.l.lllf« 

Nil  riMiiiiiii   Willi  luit/iiliiip. 


h'roin  tht-s'"  cxjicrimcnts  it  is  apparc.  t  that  if  in  a  phenol  ile 
liTininatioii  part  i>f  ihe  trihronipiu-iiol  precipitate  is  cunverteii  iiitn 
U'hri)tn|)heiu)llin)n'-  'e,  the  latter  will  not  Iw  (|itatititatively  tran>. 
formed  into  trib-,)m|)hen<)l  by  tlie  acti')ii  of  |K)tassinm  ii  dide,  ami 
an  error  will  ihns  he  introduced  into  the  analvsis. 

SfMMAHV. 

{  I  )  Aniline  and  lieiizidine  may  Ik-  used  a-'  i|tiali<.;live  reai^'eiii-' 
for  trihromphenolbromidc. 

(2)  Tr'hroniphenolhromide  is  <|ti;:'ititatively  redneed  to  trihrom 
phenol  by  zinc  and  suljihiiric  aciil ;  a  convenient  metluxl   for  its 
delerminaluin,  based  on  this  nactinn,  is  describeil. 

(3)  Tribrompheiiolbromide  is  not  a  primary  prtwlnct  of  the 
actio. 1  ol  bromine  on  phenol,  but  is  formed  by  tiie  >;radnal  action 
of  bioniine  water  on  tribrom;  '•'•nol.     As  ilic  rate  of  this  reaction 

;.«,'  Mm  bromide,  and  increase.! 
by  i.-;!.  the  temperature),  it  is 
ii'.  poj-ii 'ii'ii,      acid  in  the  bromiti'' 


is  decreased  by  aildini;  a'^ 
b\  additiy;  w;ter  01  brom' 
jirobably  due  to  the  preset 
water. 

(4)  Tribromphenolbrot   ■ 
bi"om|)lionol    by    hvdriodic 
analysis  ;  this  is  duo  in  part  to  ' 

Mv  thanks  are  due  to  I'rof. 


i-.f 


■  K:\  i|U. 
inldc! 


'1: 


tivelv  reduced  to  tri 
.Itions   convenient    lor 
;      ■    of  other  pmihicls. 
.asii  Miller,  at  whose  sntji^'es- 
tion  this  research  was  underiakcn  and  under  whose  su[ier\  i^imi  it 
lias  been  carried  out. 

TlIK   rSIVKHSirV  01    TiiKtiNKI. 
Juilc,  ly>4. 
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